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© Piezoelectric Ink Jet print head and method of making the same. 



© A piezoelectric Ink jet print head includes a body 
of piezoelectric material defining a plurality of par- 
allel open topped channels having electrodes on 
opposite walls thereof. A top cover having a pattern 
of parallel conductors congruent with the open tops 
of the parallel channels Is secured to the body by 
refiow soldering the conductors to the electrodes. 
The resulting solder bond Is very stiff, thereby im- 
proving the performance of the print head, and the 
conductors provide convenient electrical contact to 
the electrodes. 
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Field of the Invention: 

The present invention relates to drop-on-de- 
mand ink jet printing apparatus, and more particu- 
larly Ink Jet printing apparatus of the type empioy- 6 
ing a piezoelectric Ink jet printhead having a body 
of piezoelectric material defining an array of par- 
allel channels. 

BACKGROUND OF THE INVENTION 10 

A high density, multi channel ink Jet printhead 
Is disclosed In U.S. Patent No. 5,016,028 Issued 
May 14, 1991 to Temple. The printhead includes a 
sheet-like body of piezoelectric materia) poled In a is 
direction normal to the sheet and. having a plurality 
of parallel channels mutually spaced in an array 
direction normal to the length of the channels. Each 
channel is defined by facing side walls and a 
bottom surface extending between the side walls. 20 



sides of the side walls to form shear mode ac- 
tuators for effecting droplet expulsion from the 
channels associated with the actuators. Each elec- 
trode extends substantially along the length of the 
corresponding side wall. A top sheet is disposed 
parallel to the bottom surface of the channels and 
Is bonded to the tops of the side walls to enclose 
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extending beyond the body in a direction parallel 
with the channels is bonded to the body of piezo- 
electric material by solder joints between the con- 
ductors on the top cover and the electrodes on the 
side walls. The extension of the top cover end 
conductors beyond the body of piezoelectric ma- 
teria) provides convenient electrical contact to the 
electrodes. In a preferred method of making the 
piezoelectric Ink Jet print head, a low temperature 
solder is applied to the conductors and the elec- 
trodes, the top cover Is positioned on the body of 
piezoelectric material, and the print head is heated 
to reflow the solder to form the bond. 

A print head according to the present Invention 
is advantageous In that the solder bond between 
the side walls of the actuator and the top cover is 
very stiff in the shear mode, thereby Improving the 
performance of the actuator. The print head has the 
further advantage that the metal conductors on the 
top cover extending beyond the body of piezoelec- 

by resulting in a simplified print head construction. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a greatly enlarged schematic front view 
of an Ink Jet print head according to the present 
Invention; 

Fig, 2 is a sectional side view of the ink Jet print 
head of Fig. 1; 

Fig. 3 is a partial top view of the body portion of 
a print head according to the present Invention; 
Fig. 4 is a partial view of the underside of the 
top cover of the print head according to the 
present invention, showing the electrical connec- 
tor pattern thereon; and 

Fig. 5 Is a schematic front view of an alternative 
embodiment of an ink jet print head according to 
the present invention. 

Modes of Carrying Out The Invention 



Referring to Fig. 1, an Ink jet print head 10 
includes a body 12 of piezoelectric material, prefer- 
ably PZT. poled In The direction of arrows 14. The 
body 12 defines a plurality of ink channels 16 
spaced In an array direction perpendicular to the 
length of the channels 16. Each channel 16 is 
defined by a pair of side walls 16 and a bottom 
surface 20. Side walls 18 carry metal electrodes 22 
which preferably extend from the top edges of 
walls 18 to a location short of the bottom surface 
20 of the channels. The channels 16 are 'covered 
by a top cover 24 comprising a sheet of Insulating 
material upon which Is formed a pattern of elec- 
trical conductors 26. Preferably, the top cover 24 Is 
thermally matched to the print head body 12. Elec- 



tric channels. 30 

A problem arises in effecting a suitable bond 
between the top sheet and the piezoelectric body 
when the body is of a porous piezoelectric ceramic 
such as PZT. For most efficient print head opera- 
tion, the bond between the top sheet and the tops as 
of the side walls defined by the body, needs to be 
as stiff (non compliant in the shear mode) as possi- 
ble. To form non compliant bonds In the shear 
mode, adheslves such as thermosetting plastics 
need to be applied in very thin layers. Layers of 40 
the desired thinness are difficult to achieve how- 
ever on a porous surface such as PZT. 

SUMMARY OF THE INVENTION 

It is the object of the invention to provide a 
piezoelectric print head that overcomes the prob- 
lem notod above with respect to the prior art. The 
object Is accomplished according to the present 
invention by providing a piezoelectric Ink jet print so 
head having a body of piezoelectric material, defin- 
ing a plurality of parallel open topped channels 
separated by walls. The walls have metal elec- 
trodes on opposite sides thereof to form shear 
mode actuators for effecting droplet expulsion from 66 
the channels. A top cover of insulating material 
having a pattern of parallel metal conductors 
aligned with the open tops of the channels and 
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trlcal conductors 26 on top cover 24 are sized and 
spaced to fit neatly between the top edges of 
electrodes 22. as shown In Rg. 1, along the entire 
lengths of respective channels 16. 

As shown In Fig. 2. an orifice plate 30 defining 
a row of orifices 32, one such orifice for each 
channel, Is bonded to the front surface of the print 
head 10. For purpose of illustration, the orifice plate 
30 was omitted from Rg. 1. The top cover 24, 
bearing electrical conductors 26 extends beyond 
the rear of print head body 12. 

An ink manifold 34 runs transversely at the 
backs of channels 16 to connect each channel to a 
supply of Ink, not shown. Fig. 3 shows a top view 
of the print head body 12 with the top cover 
removed and showing the Ink manifold 34 commu- 
nicating with the backs of channels 16. 

Fig. 4 shows the underside of top cover 24, 
illustrating the pattern of electrical conductors 26. 
Preferably the electrical conductors terminate in a 
Ofil^'n of electrical contact pads 38 that are acces- 

overnanging portion of the top cover 24 as shown 
in Rg. 2. Referring to Rg. 1. the top cover 24 is 
secured to the print head body 12 by. solder joints 
28 between the conductors 26 and the electrodes 
22 along the top edges of the channels 16. 

As shown in Rg. 1. a bead of adhesive 36 such 
as thermosetting epoxy is employed to seal the 
side joints between the top cover 24 and print head 
body 12. Similarly, as shown in Fig. 2, a bead of 
adhesive 36 is employed to seal the rear joint 
between the top cover 24 and the body 12. Orifice 
plate 30 effectively seals the. front Joint. In this 
way, ink is prevented from seeping out of the print 
head between the top cover 24 and the body 12. 

When potential differences are applied via con- 
ductors 26 across the electrodes 22 on opposite 
faces of a wall 18, the wall 18 is subjected to an 
electrical field in a direction perpendicular to the 
poling direction 14, resulting In a shear mode de- 
flection of the wall 18. When adjacent walls of a 
channel 16 are thus caused to deflect Inwardly, 
fluid such as Ink In channel 16 is subjected to a 
sudden and controlled increase in pressure, caus- 
ing a drop to be ejected from orifice 32. 

The channels 16 may be arranged in groups of 
odd and even numbered channels, and selected 
channels of each group may be activated simulta- 
neously and alternately with channels of the other 
group, as taught in the prior art. 

The feature of securing the top cover 24 to the 
print head body 12 by means of solder, is advanta- 
geous in that the. solder bond Is very stiff In the 
shear mode, thereby resulting in Improved effi- 
ciency of deflection of wails 18. The conductors 26 
on the top cover also provide convenient electrical 
contact to the electrodes 22. 



In making a print head according to the present 
Invention, the top cover 24 with Its pattern of elec- 
trodes 26 Is fabricated using standard printed cir- 
cuit board processes and materials. The conduc- 

s tors 26 are "tinned" with a coating of low tempera- 
ture solder such as Indium/ bismuth solder. 

The piezoelectric body 12 Is formed as taught 
In the prior art by using diamond saws to cut the 
channels 16 and the ink manifold 34 from a sheet 

jo of poled piezoelectric ceramic material. The metal 
electrodes 22 are formed on walls 18 as taught is 
U.S. Patent No. 5,016,028. preferably of nickel, by 
shadow evaporation of the metal onto the walls. A 
layer of the low temperature solder is applied over 

re the metal electrodes 22 preferably by flash vapor 
deposition after the electrodes have been depos- 
ited. Any excess solder and/or electrode metal may 
be removed from the tops of walls 18 by lapping 
as taught In the prior art. 

20 The top cover 24 is then located and held In its 

rxooer dot. Itlon with respect to the print head body 

of about 120*C preferably In an Inert atmosphere 
to avoid oxidation of the solder, to reflow the solder 

26 and bond the top cover 24 to the body 12. 

After the top cover 24 is soldered to the body 
12, the orifice plate 30 Is bonded to the front of the 
print head, and the bead of adhesive 36 Is applied 
and cured around the joint between the top cover 

30 24 and the body 12. 

Referring now to Rg. 5, an alternative configu- 
ration of an ink jet print head according to the 
present invention Is 6hown. In this configuration, 
the electrodes 22 extend partially over the tops of 

35 walls 18, and the conductors 28 on top cover 24 
are slightly wider than channels 16. The top cover 
24 is secured to the body 12 by reflow soldering as 
described above, resulting in a slightly larger bond- 
ing area. Similar to the previous example, a bead 

40 of adhesive 36 is employed to seal the joint be- 
tween the top cover 24 and body 12. A method of 
forming electrodes which partially overlap the top 
of the walls is shown In published European Patent 
Application number 0397441 A2, published 

45 14/11/90, entitled "Method of Forming a Pattern on 
a Surface." 

Claims 

so 1. A piezoelectric ink jet print head, comprising: 

a) a body of piezoelectric material having a 
plurality of parallel open topped channels 
separated by walls, said walls having metal 
electrodes on opposite sides thereof to form 

56 shear mode actuators for effecting droplet 

expulsion from the channels; 

b) a top cover of insulating material having 
a pattern of parallel metal conductors 
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aligned with the open tops of said channels 
and extending beyond said body in a direc- 
tion parallel with said channels; and 
c) said top cover being attached to said 
body by solder Joints between said conduc- s 
tors and said electrodes, and wherein said 
conductors provide electrical contact to said 
electrodes. 

2. The apparatus claimed in Claim 1. wherein w 
said electrical conductors and electrodes are 
nickel and said solder joints are Indium bis- 
muth solder 

3. The apparatus claimed In Claim 1 , further com- 1 6 
prising an orifice plate over one end of said 
rchannels for ejection of droplets of ink there- 
from. 

4. The apparatus claimed In Claim 1. wherein 20 



a) a sheet of piezoelectric material poled in 
a direction normal to said sheet and defin- 
ing a plurality of parallel channels mutually 
spaced In an array direction normal to the 
length of said channels, each channel being 
defined by facing side walls and a bottom 
surface extending between the respective 
side walls, each of said side walls including 
side electrodes on opposite sides thereof to 
form shear mode actuators for effecting 
droplet expulsion from the channels, each 
side electrode extending along the length of 
the corresponding side wall; and 

b) a top sheet of insulating material having 
a pattern of parallel top electrodes formed 
thereon, said top electrodes being aligned 
with and facing the tops of said channels, 
and being attached by solder to said side 
electrodes to attach said top sheet to said 
print head and to close said channels at the 



channels. 

5. Tha apparatus claimed in Claim 1, further com* 
prising a bead of adhesive along a joint formed 
by the junction of the top cover and the body 
to prevent Ink from seeping from the print 
head along the joint. 

6. A method of making a piezoelectric inkjel print 
head comprising the steps of: 

a) forming a body of piezoelectric material 
having a plurality of parallel open topped 
channels separated by walls; 

b) forming metal electrodes on opposite 
sides of said walls; 

c) forming a top cover of insulating material 
having a pattern of parallel metal conduc- 
tors congruent with the open tops of said 
channels; 

d) coating said electrodes and said conduc- 
tors with solder; 

e) placing said top cover on said body; and 

f) heating said top cover and body to reOow 
said solder to bond said top to said body. 

7. The method claimed In Claim 6, further com- 
prising the step of: 

forming a bead of adhesive over the joint 
between the top cover and the body. 

8. The method claimed in Claim 6, further com- 
prising the step of: 

bonding an orifice plate over one end of 
said channels in said body. 

9. A piezoelectric Ink jet print head, comprising: 



10. The apparatus of Claim 1, wherein said top 
sheet and top electrodes extend beyond said 

25 sheet of piezoelectric material in a direction 

parallel to said channels. 

11. Tha apparatus of Claim 1, wherein said sheet 
of piezoelectric material further defines an ink 

so manifold communicating with said channels. 

12- A method of making a piezoelectric ink jet print 
head, comprising the steps of: 

a) forming a sheet of piezoelectric material 
as poled In a direction normal to said sheet 

and defining a plurality of parallel channels 
mutually spaced in an array direction nor- 
mal to the length of said channels, each 
channel being defined by facing side walls 

40 and a bottom surface extending between 

the respective side walls, each of said side 
walls Including side electrodes on opposite 
sides thereof to form shear mode actuators 
for effecting droplet expulsion from the 

46 channels, each side electrode extending 

along the length of the corresponding side 
wall; 

b) forming a top sheet of Insulating material 
having a pattern of parallel top electrodes. 

so said top electrodes being congruent with 

the tops of said channels In said sheet of 
piezoelectric material; and 

c) bonding by reflow soldering said top 
sheet to said sheet of piezoelectric material 

56 such that said top electrodes are attached 

to respective pairs of said side electrodes to 
close said channels at the top thereof. 
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13. The method claimed In claim 12, further com- 
prising the steps of forming a bead of adhesive 
around a joint between the top sheet and the 
sheet of piezoelectric material. 
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